INTRODUCTION
Polymer materials are widely used in various fields of technology. This, first of all, is due to sufficiently good physical and mechanical properties and the ability to be processed into various structural types of products within a few seconds. As technology progresses in such profiling areas as engineering, shipbuilding, aircraft construction, and in key areas such as space, military and military space equipment, ever more stringent requirements have been made towards the quality of polymer materials used in these areas. Of particular interest are polymer materials such as thermoplastic elastomers, which are known to have the properties of rubbers, but are processed as conventional thermoplastics. A great interest in these materials is due to the fact that for the production of rubber products in the pressing process it takes 20-30 min, while for the production of similar products of thermoplastic elastomers it takes no more than one minute [1] [2] [3] [4] [5] .
Thermoplastic elastomers are materials obtained by mixing thermoplastics with elastomers. Despite the obvious advantages of thermoplastic elastomers in their manufacture, there are problems associated with the compatibility of the blended components of the mixture. This problem becomes even more urgent when polar polymers are used as blended polymers. In particular, we are talking about non-polar polyolefins and polar synthetic elastomers. In the absence of sufficient technological compatibility between them, polymer materials obtained on their basis are characterized by low physical and mechanical characteristics that are inadmissible for the manufacture of qualitative structural products on their basis. In this regard, various methods are being adopted to improve the technological compatibility of polymer mixtures by introducing into their composition various modifiers, compatibilizers, structurants, plasticizers, etc. [6] [7] [8] .
In this regard, the aim of the studies was to solve two main problems, using polypropylene (PP) and butadiene-nitrile rubber (SKN) as examples: improving the technological compatibility of the polymers of different polarity and obtaining thermoplastic elastomers based on them. EXPERIMENTAL PART Polypropylene (PP), butadiene-nitrile rubber grade SKN-18, SKN-26 and SKN-40 were used as the object of the study. The concentration of SKN in the composition based on PP was changed in the range of 0-50 wt%.
Dicumyl peroxide (PD)a light yellow powder, with Tm = 40 °C, is intended for the preparation of crosslinked structures in polymers.
In order to improve the miscibility and technological compatibility of SKN with PP compatibilizer has been used, which is the methacrylic acid-modified PP (PPMAA).
The compatibilizer was produced in the process of mechanochemical synthesis of the modified PP. For this purpose, MAA was injected into the PP melt at the temperature of 180-190 °C. As a result of intensive thermomechanical effect in PP melt macroradicals are formed which joined MAA monomers. The concentration of MAA in the composition of the PP was determined according to the method of IR spectral analysis developed by us earlier using the calibration formula C = 23.1D [8] . According to the calibration formula, the concentration of MAA in the compatibilizer (PPMAA) was 38 wt%.
Mixing of polymer blends was carried out on friction rollers at the temperature of 150-160 °C, and the rolling time of 10 min. After melting of the PP at the beginning PMAA was introduced in an amount of 3-7 wt%, further SKN was introduced and mixed for 7 min. In order to vulcanize the polymer blends, the crosslinking agent -dicumyl peroxide (DP) in the amount of 0.5-2.0 wt% or sulfur in the range of 3-10 wt% was added to the composition on the rollers. Pressing of plates for testing the physico-mechanical properties of composite materials was carried out at the temperature of 170-180 °C.
The melt flow index (MFR) of the polymer compositions was determined on rheometer "MELT FLOW TESTER CEAST MF50" (INSTRON, Italy) at 190 °C and the load of 5 kg.
Physico-mechanical characteristics were determined by standard methods: tensile yield stress (t) and elongation at break (ε) were determined in accordance with GOST 11262-80.
The gel fraction was determined in Soxhlet apparatus, where xylene was used as solvent for PP and SKN.
Thermomechanical properties were determined on the Kanavets plastometer. The deformation was measured at successively varying temperatures. When constructing a thermomechanical curve of a polymer, it is very important to cover, if possible, the entire temperature range of the polymer compositionglassy (crystalline), high-elastic and viscous-flow state. Thermomechanical curves reflect all possible physical, physico-chemical and chemical processes occurring in the sample as a result of change in the temperature of the experiment and, thereby, provide reliable information on the temperature transitions that are significant for polymer processing.
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RESULTS AND DISCUSSION
For a better understanding of the processes occurring in the formation of thermoplastic elastomers, as the object of the study were chosen polymer systems such as PP+SKN-40, PP+SKN-26, PP+SKN-18. The use of a wide range of components of the mixture makes it possible to obtain reliable information on the effect of the composition, type, and concentration of the reacting components of the polymer composition on their thermal deformation and physico-mechanical properties on the basis of a system analysis of the experimental data. Table 1 shows the deformationstrength properties of the above mentioned polymer mixtures without any modifying additives. It was necessary to find out how the deformation-strength properties of polymer mixtures based on PP change depending on the content of SKN of different grades in the composition.
Analyzing the data presented in Table1, it can be established that the introduction of SKN into the composition of PP leads to a deterioration in the deformation-strength characteristics of polymer mixtures. Such decrease in strength is characteristic for polymer compositions in which an elastomeric component is introduced. Polymer mixtures of thermoplastic with an elastomer, as a rule, lead to the formation of the structure and properties of thermoplastic elastomers. In this case, the properties of the samples were characterized by the tensile yield stress (t, MPa) and elongation at break (ε, %), which are most sensitive to changes in the structure and formulation of compositions. As can be seen from Table 1 , irrespective of the SKN grade, significant decrease in ε of polymer mixtures is observed simultaneously with the decrease of t: from 550% for the initial PP to 10-20% for the PP mixture + 50 wt% SKN. On the one hand, the introduction of an amorphous component to 50 wt% in the composition of semicrystalline PP leads to decrease in the degree of crystallinity from 58 to 12%, and on the other hand, such sharp decrease in the strength and elongation at break of the polymer mixtures under consideration unequivocally testifies to the lack of necessary technological compatibility and sufficient miscibility of these polymers.
As can be seen from Table-1, the samples containing in their composition as the elastomeric component SKN-18 are characterized by comparatively better values for strength and relative elongation. The relatively low polarity of this rubber provides a relatively better compatibility with nonpolar PP. As the concentration of nitrile groups in the composition of SKN increases (from 18 to 40 wt%), its technological compatibility with PP significantly deteriorates, which is manifested in significant decrease in deformation-strength characteristics.
In order to improve the compatibility of the considered components of the mixture methacrylic acid-modified PP has been used as compatibilizer. Modification of PP by the above mentioned acrylic monomer was carried out during its introduction into the hot melt of PP in roll mills. The compatibilizer obtained in the process of mechanochemical synthesis was characterized by the presence of hydrocarbon macrochains of PP and grafted MAA chains. Actually, one of the main features of the compatibilizer structure is that one branch of the macro chain combines with the nonpolar one and the other with the polar polymeric component. In this case, apparently, the free hydrocarbon part is built into the crystal structure of the PP, and the grafted MAA chains are distributed in the SKN phase or in the regions bordering it. Such interaction of the multi-polar macrochains helps to reduce the interfacial tension and increase adhesion at the interface between the polymer phases. We assume that this type of compatibilizers is mainly distributed in the boundary regions of the interphase region, which, like filaments, bind two dissimilar polymers [5, 9] .
To confirm what was said, the results of study of the effect of the concentration of SKN and compatibilizer (PPMAA) on the tensile yield stress and the elongation at break of the compositions are presented in Table 2 . The concentration of MAA in the composition of PP was 38 wt%. From the experimental data, it can be established that, in concentration-dependent PPMAK, the strength and elongation at break are changed according to particular regularity. Firstly, the introduction of PPMAA in the composition of the initial PP leads to a change in the tensile yield stress with a maximum at its concentration equal to 5.0 wt%. It is typical that with an increase in the concentration of PPMAA elongation at break is constantly decreasing, which may be due to its incompatibility with the polymer matrix (PP). The fact that the maximum strength of the compositions is achieved when 5.0 wt% PPMAA can be interpreted by the fact that during the crystallization process of PP melt macrochain segments containing polar groups, preferably displaced in amorphous region and crystal defects. We believe that the concentration of polar groups in amorphous regions that have a large number of "pass-through" chains leads first to the strengthening of the supramolecular structure of the polymer matrix. Introduction of more than 5wt% PPMAA, on the contrary, already leads to decrease in the t of the initial PP. The latter circumstance is interpreted by the fact that at high concentrations of polar groups in amorphous PP regions, the latter block the segmental mobility of the transmission chains, thereby contributing to brittle fracture of the sample [5, 9] .
The introduction of compatibilizer in the composition PP+SKN, regardless of the SKN grade and its concentration in the composition, significantly improves the deformation-strength characteristics. In this case, the more nitrile groups content in SKN, the effect of improving t and ε of PP + SKN composition is observed at higher concentrations of PPMAK. In other words, the greater the polarity of the synthetic rubber, the more the compatibilizer is required to achieve the maximum effect in properties.
It is quite obvious that SKN is vulcanized by sulphur and organic peroxides. This issue in the literature is given a lot of attention. However, in spite of this, studies dealing with the production of dynamically vulcanized thermoplastic elastomers based on a mixture of PP+SKN+PPMAA are very limited. Therefore, in this paper we made an attempt to separately consider the possibility of vulcanization of PP+SKN compositions with dicumyl peroxide (DP) and sulphur in the presence of PP-MAA. It was important to find out how essential the role of the compatibilizer in the process of vulcanization and the formation of the region of highelastic deformation, characteristic for rubbers. Table 3 presents the results of a study of the influence of the various grades of SKN and DP concentration on the stress-strain properties of composites based on PP+SKN+PPMAA. From the comparative analysis of the data given in this table, it can be established that with an increase in the concentration of DP from 0.5 to 2.0 wt%, there is a regular tendency to decrease the strength of the initial PP modified with compatibilizer. This circumstance is interpreted in that the introduction of DP into the PP melt promotes the formation of macroradicals of the initial PP and compatibilizer, which in the process of recombination lead to the formation of an irreversible cross-linked spatial structure. In the process of crystallization from the melt, the crosslinked sections exert a substantial counteraction to the formation of long-range order in the crystalline phase of the PP. Therefore, in the process of crystallization from melt in such structures, the growth of crystals is accompanied by the displacement and concentration of crosslinked and unordered branches in the interspherolite space. And, the greater the concentration of DP in the composition, the more cross bonds are formed, which hinders crystallization from the melt. The results of the study of crosslinked compositions properties are confirmation of this. Firstly, it is necessary to single out common patterns in changing properties and, secondly, to substantiate the main reasons that contribute to these changes. Thus, for example, with an increase in the concentration of the elastomeric component, there is a general tendency to decrease the strength and increase in the elongation at break, which is typical for this type of polymer mixtures. At the same concentration of the elastomeric component with an increase in the content of nitrile groups in the SKN (SKN-18 → SKN-26 → SKN-40), the strength and elongation of the compositions are regularly decreased. This is interpreted by the fact that, as already noted above, the PP is poorly combined with the polar nitrile rubber and, the more nitrile groups in the SKN, the greater the polarity of the rubber and, accordingly, the worse with their technological compatibility. From a comparative analysis of the data in Table 3 , it can be established that compositions with 0.5 wt% of DP possess relatively high stress-strain properties. We assume that at small concentrations of DP the crosslinking proceeds predominantly along the most vulnerable double bonds of the SKN, as a result of which dynamically vulcanized thermoplastic elastomers are formed [10, 11] . In other words, these results in obtaining a rare network structure with a unique morphology in which the cured elastomer particles (SKN) are dispersed in the continuous phase of the thermoplastic matrix. At high concentrations of DP, highly crosslinked spatial structure is formed throughout the volume of the composition with the participation of macrochains not only of elastomers but also of PP. Therefore, in order to obtain dynamically vulcanized thermoplastic elastomers, it is necessary to use DP with its minimum content (up to 0.5 wt %). If we compare the data in Table 2 and 3, it can be established that in the crosslinked compositions (PP + SKN) elongation at break and strength are higher than those for unvulcanized ones. With increasing concentration of the elastomeric component, the crosslinking promotes in a greater degree the appearance of rubber properties in the samples. The latter circumstance is expressed in significant increase in the elongation at break of the samples. At a relatively higher concentration of DP, equal to 2.0 wt% highly crosslinked spatial structure is formed in the samples. The last impairs deformation-strength properties of composite materials. Table 4 shows the results of the study of the sulphur vulcanization effect on the regularity of the change in the deformation-strength characteristics of compositions based on PP + SKN. Analyzing the data in this table, it can be established that the introduction of sulphur improves the deformation-strength properties of modified PP samples that do not contain an elastomeric component. Along with this, vulcanized polymer mixtures remain the properties at a satisfactory level.
Table 3 Influence of the concentration of various SKN grades and crosslinking agent (DP) on the tensile yield stress/elongation at break (σt/ε) of composite materials based on PP, modified with 5 wt% PPMAA Таблица 3. Влияние концентрации различных марок СКН и сшивающего агента (ПД) на предел текучести при растяжении/относительное удлинение (σt/ε) композиционных материалов на основе ПП, модифициро
In order to find out at what ratio of polymer components in the compositions the properties of thermoplastic elastomers are manifested; let us turn to the results of investigation of their thermomechanical properties. For this purpose, the results of the investigation of the thermomechanical characteristics of unvulcanized and vulcanized polymer mixtures are given in Fig. 1-4 . Fig. 1 shows the results of study of the polymer mixtures PP+SKN-40 thermomechanical characteristics at various ratios. The choice of SKN-40 is justified by the fact that this grade of nitrile rubber contributes the most to the production of benzooil-heat-resistant materials operating under severe extreme operating conditions. Analyzing the presented experimental data, it can be established that the SKN-40 exerts a certain influence on the character of the change in the thermomechanical curves. At 20 wt% the latter has an insignificant effect on the regularity of the change in the thermomechanical curve. However, at the concentration of SKN-40, equal to 30 wt% and above there is a process approaching the formation of a region of high-elastic deformation.
The transition to the viscous-flow state at 30, 40, and 50 wt% of SKN-40, starts at 157, 164 and 166 °C respectively. At the same time, the process of transition from the crystalline to the high-elastic state for compositions with 30, 40, and 50 wt% SKN-40, begins at the temperature equal to 141, 143 and 135 ºC, respectively. In other words, with an increase in the concentration of the elastomeric component, the sharpest temperature transition from crystalline to high-elastic occurs at the concentration of 50 wt%. At the same time, an appreciable temperature transition from the highly elastic to the viscous-flow state occurs at 40 wt% of SKN-40. In order to study the compatibility of the polymer mixtures under consideration and to reveal the role of the compatibilizer in the change in the thermomechanical curves, we consider the data presented in tion, which, with further increase in temperature, becomes a viscous-flow state. From the comparative analysis of the data in Figs. 1 and 2 , it can be established that the process of forming a region of high-elastic deformation in the presence of a compatibilizer at 30 wt% concentration of SKN-40 is less pronounced. It is also characteristic that the formation of a plateau in the region of high-elastic deformation begins most clearly at 40 wt% SKN and higher.
In this case, the transition to the viscous-flow state in compositions with 30, 40, and 50 wt% of SKN-40 begins, respectively, at 152, 154, 158 °C. In comparison with the thermomechanical curves shown in Fig. 1 , the process of transition to the viscous-flow state in the presence of compatibilizer begins at relatively low temperature. The transition temperature from crystalline to high-elastic for samples with 30, 40 and 50 wt% begins respectively at the temperature of 142, 138 and 127 °C. It becomes obvious that the use of PPMAA as a compatibilizer of polymer mixtures PP+SKN-40 helps to reduce temperature transitions from one state to another. The latter circumstance favorably affects the processing of composite materials, as it helps to reduce energy costs. Thus, the influence of the compatibilizer on reducing temperature transitions from one state to another can also indicate the production of thermoplastic elastomers, which have a unique combination of rubber-like properties that are processed like conventional thermoplastics. It is quite obvious that the process of properties formation of thermoplastic elastomers will depend not only on the concentration of SKN-40. Judging by the thermomechanical curves, thermoplastic elastomers are more likely to characterize compositions containing, in addition to 5.0 wt% PPMAA, 40-50 wt% SKN-40 for the compositions in question. The obtained results unequivocally testify to the fact that PPMAA has a significant influence on the improvement of technological compatibility of the blended components and, thereby, contribute to the production of new types of thermoplastic elastomers on their basis.
Despite a sufficient number of works devoted to the problem of obtaining vulcanized thermoplastic elastomers, very limited research is devoted to the problems of studying the effect of the type and concentration of crosslinking agents on their thermomechanical characteristics [1, 6, 8] . In this connection, it seemed interesting to investigate the effect of various crosslinking agents on the nature of the change in the thermomechanical properties of polymer mixtures. At the same time, based on the results of the study of the compositions properties in question, the samples based on PP + 50 wt% SKN-40+5.0 wt% PPMAA were used as the object of the study.
For example, Fig. 3 and 4 show the results of studying the effect of DP and sulphur on the nature of the change in the thermomechanical properties of the objects under study. Comparing the curves in Fig. 3 , it can be seen that with an increase in the concentration of PD from 0.5 to 2.0 wt%, there are quite significant changes in thermomechanical curves.
According to the data presented in Fig. 3 , the introduction of DP into the composition is accompanied by an increase in the temperature transition from the crystalline to the high-elastic state. So, for example, as the concentration of DP increases from 0 to 2.0 wt% the initial process of deformation processes in general starts from 98 to 143 °C, respectively. The temperature transition from crystalline to high-elastic changes, respectively, in the range of 128-167 °C.
The temperature transition from the high-elastic state to the viscous flow is manifested only in samples with rare network structure, crosslinked by 0.5 wt% of DP, and is 187 °C. At the concentration of DP above 0.5 wt% there are irreversible rigid crosslinked structures that hamper the process of softening the polymer mixture. And, the more the concentration of DP introduced into the composition, the more rigid highly crosslinked structures are formed. According to the thermomechanical curves presented in Fig. 3 , the addition of 0.5 wt% of DP still retains the ability of the polymer mixture to transition from a high-elastic state to viscous flow at 187 °C, enabling them to be processed by injection molding and extrusion methods. We assume that the introduction of 0.5 wt% DP creates the conditions for proceeding of the dynamic vulcanization of the rubber phase. Further increase in the concentration of DP (more than 0.5 wt %) leads to the fact that the sample loses its ability to transition to a viscous flow state. In this case, not only the rubber phase is crosslinked, but also the PP macromolecules, which is accompanied by a further deterioration of the properties and the ability of the compositions to deform. We do not exclude that at this temperature, due to the residues of the unreacted DP, a further process of crosslinking takes place throughout the volume of the polymer matrix, which further complicates the deformation of the samples. In this state, the crosslinked composition completely loses its ability to flow. According to the obtained data, the melt flow index (MFI) of the initial PP is 3.12 g/10 min, PP+50 wt% SKN-40+5.0 wt% PPMAA composition is 1.93 g/10min.The introduction of 0.5 wt% of DP in the composition reduces the MFI to 0.55 g/10min, and at the concentration of 1.0 and 2.0 wt% of DP the crosslinked compositions completely lose their ability to flow and the MFI becomes zero. The zero value of MFI does not allow their processing by injection molding and extrusion methods. This is confirmed by the results of evaluation of the gel fraction. According to these data, the introduction of 0.5, 1.0, and 2.0 wt% of DP leads to the formation of gel fractions in the composition, respectively, in an amount of 11, 54 and 78 wt%. The obtained data once again allow us to state that the concentration of the cross-linking agent should be selected experimentally, not exceeding the threshold concentration at which the polymer material loses the ability to be processed on standard equipment for plastics. Fig. 4 shows the thermomechanical curves of the composition of PP+50wt% SKN-40+5.0wt%
PPMAA+sulphur. The concentration of the vulcanizing agentsulphur was varied within the range of 3-10 wt%. Analyzing the thermomechanical curves in this figure, you can see that they are radically different from the data shown in Fig.3 .The change in sulphur concentration in the range of 3.0, 5.0, 7.0 and 10.0 wt% is accompanied by the formation of high-elastic plateau, characteristic for rubbers. The transition from the crystalline to the high-elastic state takes place at 140, 151, 153, 155 °C, respectively. Along with this, the temperature transition from the high-elastic to the viscous flow state occurs at 173, 175, 180, 198 °С, respectively. Unlike PD, the introduction of sulfur does not lead to the formation of an irreversible highly crosslinked structure, providing the possibility of their processing on the equipment of thermoplastics. The nature of the change in thermomechanical curves is a confirmation of this. This is confirmed by the results of MFR measuring. So, for example, with an increase in the sulphur concentration from 3 to 10 wt%, the MFR of the samples decreases from 2.76 to 0.616 g/10min. The process of sulphur vulcanization proceeds mainly through the double bonds present in the polymer matrix. In SKN, the number of double bonds is many times greater than in PP. Therefore, there is reason to believe that sulphur vulcanization will predominantly proceed in the elastomeric phase, allowing dynamically vulcanized thermoplastic elastomers with unique morphological features of the structure, according to which the particles of the cured elastomeric component become dispersed in the continuous thermoplastic matrix of PP.
Thus, on the basis of the foregoing, it can be stated that the study of the thermomechanical properties of the composite materials under consideration makes it possible to obtain rather comprehensive information on the structural features of polymer mixtures and phase transitions from one physical state to an other. The results of the studies lead to the conclusion that dynamic thermoplastic elastomers are formed not in the course of a simple mixing of a thermoplastic with an elastomer, but as a result of the correct selection of their ratio, the type and concentration of the compatibilizer and the cross-linking agent.
